INTRODUCTION
Changes in heat and salt transport by ocean currents have been implicated in ice age climate cycles (Weyl 1968 , Newell 1974 , Broecker et al 1990b . In addition to the direct physical effects of the ocean on climate, the ocean carbon system controls atmospheric CO2, and the CO2 fluctuations documented in ice core bubbles (Barnola et a1 1987 , Neftel et a1 1988 are thought to be a significant fa ctor in climate oscillations (Hansen et al 1984) . Dramatic changes in oceanic circulation patterns and carbon system chemistry have occurred during the Late Quaternary glacial/interglacial global climate cycles (Boyle & Keigwin 1982 , Curry & Lohmann 1983 , Shackleton & Pisias 1984 , Boyle & Keigwin 1987 , Curry et al 1988 . These changes in the ocean system may be signifi cant driving forces in the progression of ice age CO2 cycles (Toggweiler & Sarmiento 1985 , Ennever & McElroy 1985 , Wenk & Siegenthaler 1985 , Boyle 1988a ,b, Broecker & Peng 1990 ). The oceanic distributions of c513C, Cd, and other carbon-system-linked properties are controlled by the interaction between biological uptake and decomposition with the general circulation of the ocean. Because records of past oceanic Cd and c513C are preserved in shells of planktonic and benthic fo raminifera 24 5 0084-6597/92/051 5-0245$02.00 from oceanic sediment sequences, a significant body of paleochemical data on these two tracers has been obtained during the past decade. Here, published data for (j 13C are merged with an extensive new data set for deepwater Cd, and a comparison is made of the glacial maximum distribu tions of these tracers. These data provide a picture of the three-dimensional characteristics of global paleochemical distributions during glaciation.
METHODS
A global chronostratigraphic framework is essential to this task. Although 14C dating is the fundamental chronometer of the late Pleistocene [as recalibrated by coral 230ThjU dating (Bard et al 1990) ], this slow and expensive technique can be bypassed in low-resolution studies of deep ocean cores by foraminiferal (j 180 measurements. Given the dominant role of ice volume in controlling b 180 of seawater, the glacial maximum can be identified by maximum b I So values (Shackleton 1967 , Shackleton & Opdyke 1973 , Chappell & Shackleton 1986 . Hence the strategy employed here (and in other studies of this type) is to identify the glacial maximum from [) 180 of benthic or planktonic fossils, and then use benthic for aminiferal (jI3C and Cd analyses from these intervals to characterize bot tom water chemistry. It should be emphasized that the concern of this paper is with global-scale changes between Pleistocene glacial maximum conditions and Holocene interglacial conditions. For this reason, high frequency variations within these periods or during deglaciation will not be considered, and chronologies adopted here should be considered as having a coarse resolution, with an accuracy and resolution no better than several thousand years.
Several deepwater (j13C studies of the glacial maximum ocean have been published. The most geographically diverse data sets were compiled by and Curry et al (1988) and supplemented for the Indian Ocean by Kallel et al (1988) . This (j 13C data is reported as the permil (%0) deviation from the isotope ratio in the PDB standard. The goal of this study is to obtain a comparably diverse data set for cadmium to compare with the carbon isotope results. This goal required maximization of geographic coverage within a reasonable time, so it was not possible to analyze detailed downcore records in most cases. Sixty-five sediment cores with published b 180 stratigraphies (locations shown in Figure I and listed in Table 4 ) were sampled and analyzed for benthic foraminiferal Cd as close to the oxygen isotope maximum as possible. In most cases, additional samples were taken a few tens of cm above and below the apparent glacial maximum (all taken within oxygen isotope stage 2); hence samples range from a few thousands of years before the glacial maximum until the earliest Glacial core sample locations. Numbers refer to cores as listed in Table 4 . stages of deglaciation. The position of these samples with respect to the (j 180 stratigraphy is documented in Figure 2 . From each sample, indi viduals of Uvigerina spp., Cibicidoides kullenbergi, Cibicidoides wuel lerstorfi, Cibicidoides pachyderma, and Nutallides umbonifera were hand picked wherever they occurred. All of these were analyzed (whenever sufficient specimens were available) for Cd/Ca by the method outlined by Boyle & Keigwin (1985/6 ). Replicates were run wherever possible; a typical core has 10 pooled analyses of various species and their replicates within the core. Some cores other than those listed here were sampled, but were excluded because of excessive levels of manganese carbonate overgrowth (Boyle 1983) . Measurements are reported as J.lmol Cd per mol Ca in the shell (J.lmol/mol). However, as noted below, it is necessary to transform this raw measurement into an estimate of Cd in the seawater the shell was grown in; this estimate will be referred to as CdW and reported in units of nmol Cd per kg of seawater (nmol/kg). The analytical precision of the graphite furnace atomic absorption analyses of Cd/Ca in standard ARS-1 is about 3.5% over a period of a fe w years (comparable to the period over which most of these samples were run); replicate analyses of separate picks from the same sample rarely agree as well as this, signifying some variability between individual specimens (Boyle 1988a , Boyle & Keigwin 1985 ). There are potential pitfalls in this strategy. 1. Significant deepwater variability may occur on time scales that are short relative to the resolution of typical deep-ocean cores and to fundamental limits for global ocean (j 180 synchroneity. At very high sedimentation rate sites, where higher frequency variability may be recorded, only three spot samples within stage 2 may not represent the true average values. 2. Because many cores have been heavily sampled, it is not always possible to make paleochemical analyses at the glacial maximum because of the lack of core sample. For these reasons, one should not over-interpret fine points of this data set; only large-scale signals confirmed by nearby samples and sites should be considered seriously.
FORAMINIFERAL CALIBRATION: EVIDENCE FOR DEPTH-DEPENDENT CADMIUM INCORPORATION
Previous studies have established the utility of (j 13C and Cd in benthic fo raminifera as tracers of bottom water chemical composition (Duplessy & Shackleton 1984 , Graham et al 1981 , Boyle 1988a Curry et al (1988) , , Kallel et al (1988) , Keigwin (1987) , Keigwin & Jones (1989 ), Luz & Shackleton (1975 , Labeyrie et al (1987) , Mix et al (1986 ), Mix & Fairbanks (1985 , Mix & Ruddiman (1985) , Mix et al (1990) , Morley & Shackleton (1984) , Oppo & Fairbanks (1987 , ), Parkin & Shackleton (1973 , Peng et al (1977 ), Prell et al (1980 , Romine (1982) , Shackleton & Opdyke (1973) , Shackleton (I 977a), Shackleton (I 977b), Shackleton et al (1983 ), Streeter & Shackleton (1979 , Thompson et al (1979) , Thompson (1981) . Core V24-1 age estimate based on bulk C14 date given by Balsam (1981) . Note that additional documentation of" 180 and glacial Cd samples is shown in Figures II and 12 . The 8"0 data is from many benthic and planktonic species which were not always indicated in the original publications; hence the signifi cance should be restricted to the position of Cd samples relative to the" 180 maximum. Annu. Rev. Earth Planet. Sci. 1992.20:245-287 water composition. For t513C, genera (and perhaps species within genera) have different offsets from bottom-water composition (Duplessy & Shackleton 1984 , Graham et al 1981 . The offset between Uvigerina and other genera appears to depend on the organic carbon content and/or productivity of the overlying waters (Zahn et al 1986) . For this reason, current practice is to use data from Cibicidoides wherever possible; t5 13C data from this genus are used exclusively here. Calibration of deepwater calcitic species fo r Cd is simpler with respect to genus: Major calcitic genera show similar relationships to bottom-water chemistry with no obvious offsets between species [ Figure 3 ; data from Boyle (1988a) supplemented by data in Table 1 ]. The average value of the empirical distribution coefficient July 21, 1988 and July 18, 1991 . See Boyle (l988c) for further core-top data used in this paper.
+ Cores for which the author is aware of published isotopic stratigraphies indicating more than 15 cm of Holocene sediment.
• Duplicate or triplicate analyses of these foraminifera samples.
ocean surface) is D = 2.9. (Note: in order to calculate D from the data in Figure 3 , one must normalize Cd in the seawater to the calcium con centration in seawater, 0.01 mol/kg.) However, this value, based on aver aging the distribution coefficient for each core top, seems to overestimate fo raminifera fo r some cores at high Cd; the true distribution coefficient might be as much as 10% lower. The value of D = 2.9 will be used here for deepwater fo ssils, but data interpretation requires consideration of the possibility that D may be somewhat lower.
Calibration of core tops from shallower depths [see Table I fo r new data in addition to that of Boyle (1988a) ] demonstrates that the distribution coefficient is a function of the depth of the core below the sea surface (Figure 4 ). Although thermodynamic considerations allow equilibrium distribution coefficients to be a function of temperature and pressure, available thermodynamic data are not adequate to define exactly what equilibrium variability is to be expected. Hence it is difficult to determine Figure 4 Distribution coefficient vs depth fo r major calcitic benthic fo raminifera. Note that C. pachyderma, which occurs mainly in cores < 2500 m depth, is plotted with the same symbol as C. kullenbergi, which mainly occurs in cores > 2500 m depth. Also note that the one high D at shallow depths was fo r the only (unreplicated) analysis of P. ariminensis. Annu. Rev. Earth Planet. Sci. 1992.20:245-287 whether the observed variability is due to temperature, pressure, or some non thermodynamic biological effect (e.g. growth rate, availability and type of food, etc), particularly because these variables are correlated in the ocean. It is of particular interest that both Uvigerina and Cibicidioides show the same depth-dependence, which might be taken as an argument against an organism-specifi c mechanism. Some anecdotal evidence sug gests that depth or other depth-correlated parameters may be more impor tant than temperature (Table 2) . Near-bottom temperatures at cores CHN82-41-15 and KNR64-5-5 are similar, but the distribution coefficient in the shallow core is significantly lower than that for the deeper core. The distribution coefficient for the shallow warm core CHN82-1 (core-top data for this core is listed in Boyle 1988a) is close to that fo r the shallow but colder core MW88-l4GGC. However, the scatter inherent in such calibrations casts doubt on such a cursory examination, and we cannot be confidentthat temperature has been ruled out as a significant parameter. Even if depth proves to be more significantly correlated with D than temperature, it is also unclear whether pressure or some other depth dependent parameter is of primary importance. For the purposes of this paper, Cd distribution coefficients in the glacial ocean are estimated from a simple empirical D (water-depth) relation derived from this core-top data set (Table 3 ). It would be interesting to know if fo raminiferal b 13C also displays some sort of depth-dependence - in its response. Core-top benthic fo raminiferal 1J 13C from shallow cores has not been specifically tested fo r depth dependency relative to bottom water chemistry. Examination of the core-top data set of Duplessy & Shackleton (1984) does not reveal an obvious depth-dependence; however, this data set did not have many cores at shallower depths. Slowey (1990) notes that cores from 400-1500 m depths on the Bahama Banks region are about 0.2-0.3%0 heavier than bottom waters, and most Holocene samples from core V19-27 (Mix et a1 1990; Figure 12 ) are about 0.4-0.50/ 00 heavier than modern bottom waters. However, at the moment it is not possible to confi dently establish a depth-dependence correction fo r lJ 13C, therefore the ensuing discussion will fo llow the current practice of carbon isotope workers and assume that Cibicidoides lJ 13C is directly comparable to bottom-water tj 13C with no depth-dependence.
RESULTS
Glacial maximum data fo r Cd are listed by species in Tables 6-11 (see  Appendix) . Individual species are compared to averages for Uvigerina spp. and C. wuellerstorfi in Figure 5 . For most cores, inter-species differences are not systematic, with most samples scattering about the I: 1 line [note this lack of inter-specific differences was seen previously in downcore work reported in Boyle (1988a) ]. For the fo llowing cores, the between-species differences are substantial, so their average values should be considered cautiously: VI9-29, VI9-240, V25-59, MD77-176, MD79-254, RCI4-37, RCI7-69. Table 4 lists average results fo r all analyses from each core, along with published lJ 13C data, estimates fo r modern bottom-water properties at the site, and core-top 1J 13C and Cd data (where available). Modern bottom water Cd and tj 13C were estimated at the stations by I. estimating bottom P at the same depth fr om the nearest GEOSECS station, 2. using a "global" average Cd-P relationship (Boyle 1988a ) to estimate bottom-water P, and 3. using a regression of 1J 13C vs P at core-top locations where estimated bottom-water J 13C from the data published by Kroopnick (1985) . It should be understood that real deviations from the regression lines exist, and that within a given region somewhat better estimates might be obtained by using local rather than global regressions. In the context of the global-scale view in this paper, the differences between the local and global relationships are small and do not justify complicat ing the procedure. In deriving CdjCa averages, analyses which deviated on the high side of the data set were excluded fo r reasons of potential contamination; these rejected analyses (fl agged by question marks in Tables 6-11 ) comprised only 7% of the total data set, and the ensuing discussion would not be affected signifi cantly were these data retained. Cd/Ca for Uvigerina, I1mollmol 
V21-178 31M2
Troplul Allanlle: Data tables from this paper will be made available on a 3.5" floppy disk (Apple II, Macintosh, or MS-DOS fo rmat) upon request to the author. Data from these cores are considered as composite vertical profiles fo r six groups corresponding to hydrographic regions ( Table 4 , Figures 7 and  8) . Note that these regions are broad; fo r example, the term "Northwest Pacific" is attached to cores ranging from 50S to 53°N in the western Pacific. Phosphorus profiles from representative GEOSECS stations within these regions (Bainbridge 1980 , Craig et al 1982 , Weiss et al 1982 are shown fo r comparison (Figure 6 ). By grouping cores from such broad regions, real horizontal variability will be seen as "scatter" within the vertical profiles. Glacial maximum 613C and CdW data in Table 4 . Units: nmol Cd/kg.
shifted 0.3% below modern values to compensate fo r the shift in global average [) 13C during the last glacial maximum). Core-top data was not plotted to avoid complicating the figures, but where available, they are listed in Table 4 . Note that in this paper, () 13C data are plotted with a reversed scale so that the graphical sense of change fo r CdW and () 13C are in the same direction, rather than being mirror images. In all fi gures, � 13C and CdW are scaled so that changes in both tracers are visually comparable based on the modern correlation between tracers, and (j 13C and CdW scale ranges are kept fixed throughout the paper. Discussion of these data will be divided into four sections: l. Novel fe atures of the new Cd data set, 2. global ocean averages for () 13C and CdW, 3. aspects for which c:513C and CdW evidence are concordant, and 4. major differences between CdW and c:5 1 3C evidence. In the discus sion, the phrase "the nutrient content" is used as a shorthand reference to the modern global-scale correlation between high P, Cd, and low [) 13C, without intending to ignore signifi cant real differences between these tracers. 
NOVEL FEATURES IN OCEANIC CADMIUM EVIDENT FROM THE NEW DATA
Previously published data on glacial oceanic Cd were confi ned mainly to the North Atlantic and deep Eastern Tropical Pacifi c (Boyle & Keigwin 1982 , Boyle & Keigwin 1985 /6, Boyle & Keigwin 1987 , Boyle 1988a . Although this data set contains some new data fo r these regions, it is largely compatible with results from previously published studies, namely, 1. the Cd content of Eastern Tropical Pacific deepwaters was perhaps slightly lower than in the modern ocean, 2. the Cd content of glacial deep North Atlantic waters was about 30% higher than in the modern ocean, and 3. the upper waters (1500-2500 m) bf the glacial North Atlantic were Cd-depleted compared to deeper waters, and may be Cd-depleted even relative to those of the modern ocean.
For other geographic regions, some novel observations are possible from this new data set:
I. Glacial Antarctic deepwaters had about the same Cd levels as did the modern ocean.
2. Upper waters (1000-2000 m) of the Northern Indian Ocean had Cd levels lower by at least 40% compared to the modern ocean, and Indian Ocean deepwaters appear to also be as much as 30% lower in Cd. These data confi rm the inference on nutrient status of upper waters of the Northern Indian Ocean derived from <5 13C studies (KaBel et al 1988) .
3. Glacial age deepwaters (> 1500 m) of the Northwest Pacific appear to have had about 30% lower Cd concentrations than in the modern ocean; in particular it appears that the deep Northwest Pacific had lower Cd concentrations than the Eastern Tropical Pacific (Figure 9) . A bias in the estimate fo r the fo raminiferal Cd distribution coefficient could exaggerate the CdW difference between the modern ocean and the glacial maximum fo ssil evidence seen in Figure 7 [if D = 2.6 for deep cores, rather than 2.9 as assumed here, then the glacial-interglacial (G-I) difference would be closer to 20%]. On the other hand, uncertainties in D do not apply to the difference between the two Pacific regions, because the same bias would apply to both regions. The weakest aspect of this observation of low glacial CdW in the Northwest Pacific is the lack of good core-top evidence from this region (see Table 4 and Figure  12 ); the two available deep core-top numbers from this region do not show such a large glacial reduction in fo raminiferal CdW as is implied by comparison to the modern water column. The downcore record
Cd, nmol/kg from core Rama 44 ( Figure 12 ) does suggest some increase in Cd during deglaciation, but the core-top data is not available from that core. The lack of good core tops (and perhaps the lack of a shift in the few existing core tops) is largely due to the high degree of dissolution in the modern Pacific, so that core tops are heavily dissolved (except in regions of high carbonate productivity). It is likely that many sediment mixed-layer benthic fo raminifera specimens are mixed upward from late glacial times; this may then account fo r low apparent core-top numbers from this region. Nonetheless, this lack of a good core-top record establishing a large reduction in bottom water CdW is a weak point of the present data set. Establishing a good continuous modern-through-glacial record of Cd in this region is worthy of high priority in fu ture work. If this region were fi lled by a nutrient-depleted water mass, it would be highly significant and perhaps could be accounted for by the initia tion of a new North Pacific deepwater source.
4. It appears that upper waters ( < 2500 m) of the Pacific were only slightly depleted in CdW relative to the modern ocean, if at all; if there is a depletion, it is larger in the Northwest Pacific than in the Eastern Tropical Pacific.
GLOBAL OCEAN AVERAGES FOR CARBON ISOTOPES AND CADMIUM
The global oceanic inventory and global average vertical distribution of (j 13C and CdW are estimated from these profiles after appropriate volu metric weighting. The ocean was first divided into three major basins (Atlantic, Pacific, and Indian), and the average volume in each basin was estimated for 1-2, 2-3, 3-4, and 4-5 km intervals ( Table 5 ). The upper I km was ignored in these averages because there is little glacial age data from this interval. Each of the six profiles was assigned to represent fractions of each of these ocean basins. Average modern and glacial (j 13C and CdW values fo r each depth interval were estimated (by eye) from the profiles. Where no glacial data were available fo r a depth interval, the value from the nearest adjacent depth interval was used. This method of assignment of volume fractions and estimation of averages is somewhat arbitrary, but by setting out the calculations explicitly, it is easy to assess the sensitivity of resulting averages to these assumptions. Modern oceanic average values fo r (j 13C and Cd as calculated in this fa shion are 0.250/00 and 0.63 nmol/kg, respectively. These estimates may be contrasted with those from another method. The oceanic average phos phorus concentration has been estimated to be 2.2 jlmoles/kg from detailed assessment of results of the GEOSECS expeditions (Takahashi et al 1981 Given the correlations between 81 3C, Cd, and P, this phosphorus average corresponds to average b 13C and Cd values of 0.2%0 and 0.6 nmol/kg, respectively. Agreement of the averages estimated by these diffe rent methods is good, so that the weighted global averaging scheme employed in Table 5 is reasonable. The glacial distribution gives mean (j 13C and CdW estimates of 0.04%0 and 0.55 nmol/kg, respectively, fo r changes of -0.300/00 for 81 3C and -13% fo r Cd. This estimated 813C shift may be compared to the -0.32%0 estimate by based on much the same data set. Boyle (1988a) previously estimated that there was little change in mean oceanic Cd, based on a few North Atlantic and Tropical Pacifi c cores. The apparent decrease in mean oceanic Cd calculated here is small and on the order of the likely accuracy of fo raminiferal calibration (e.g. if the distribution coefficient for depths > 3000 m is 2.6, rather than 2.9 as assumed here, then glacial oceanic CdW in this depth range would be underestimated by 10%), and hence the conclusion to be drawn from this estimate is that the oceanic Cd inventory does not change much between glacial and interglacial times. Figure 10 illustrates vertically-resolved ocean average nutrient dis tributions for ( KEY DISCREPANCIES BETWEEN b13C AND Cd:
DOWNCORE RECORDS
The regionally discordant fe atures of (j 13C and CdW glacial maximum data sets are confi rmed by detailed downcore studies in each region. , and late Holocene and during glacial times (Keigwin 1987) , and intermediate waters of the Eastern Tropical Pacific are lower in nutrients than deepwaters during the glacial maximum, deglaciation, and early Holocene (Mix et al 1990) . CdW data, on the contrary, indicate that the glacial Northwest Pacifi c had somewhat lower nutrients than in this region ( Figure 7 ) and lower than nutrients in both the Northwest and Eastern Tropical Pacific (Figure 12 ). In the Northwest Pacifi c, this comparison is flawed by the lack of good core-top evidence for both <513C and Cd and the absence of an intermediate-water Cibi cidoides <513C record (Morley et al 1991) . Continuous downcore records from this area might not support the discrepancy based on glacial maximum and early Holocene samples. On the other hand, downcore evidence and glacial maximum evidence is quite thorough in the Eastern Tropical Pacific, and it is more difficult to appeal to limited data to explain the discrepancy between (j 13C and CdW data. It is conceivable that the shallow water distribution coefficient D(z) estimated earlier is in error, but D(z) would have to be in error nearly a factor of two at the site of V19-27 to be reconciled with <513C data. In view of the consistency of the calibration (Figure 4) , that possibility seems remote.
DISCUSSION OF POSSIBLE CAUSES OF lJ13C AND CdW DISCORDANCY
How are discrepancies between (j 13C and CdW data to be explained? It should be emphasized that many of these fe atures are well-established Uvigerina spp. (i1·O data from V32-l6l plotted with 0.64%0 subtracted to be comparable to Cibicidoides spp. characteristics of glacial maximum sediments; one cannot appeal to inac curacy of a single data set or insufficient data to explain away differences between the tracers. (a) At worst, one (or both) tracers are misleading us, i.e. benthic fo raminifera do not always reflect chemical characteristics of bottom water accurately. Some concerns over reliability of Cibicidioides c513C have been expressed (Keigwin et al 1991; M. Sarnthein, personal communication) . Although there are fe wer core-top data that cast doubt upon reliability of fo raminiferal Cd, the smaller data base available for this element may hide problems lurking in unexamined cores. (b) A more positive possibility would be that benthic fo raminifera are in fa ct reliable indicators of bottom water fo r both properties, but we may be mistaken in our expectation that both tracers must behave similarly. Such a situation might arise if geochemical processes that discriminate these tracers (which are not important today) become more important during glacial times. This possibility is more in the realm of speculation than that of certain knowledge, but some known processes do discriminate between (j 13C and Cd:
1. Gas exchange between ocean and atmosphere. This process can alter () 13C of surface waters without affecting Cd. In general, the extent to which gas exchange alters (j 13C of surface waters is thought to be limited (Broecker 1982) . Charles & Fairbanks (1990) argue that modern subantarctic surface waters are shifted toward more positive (j 13C values by this process, but they also argue that the extent of gas exchange in this region was not significantly different during glacial times. R. S. Keir (personal communication 1991) uses a complex box model to in fer that gas exchange might be a significant factor in controlling verti cal () 13C variations within the ocean. 2. Differential isotopic and chemical enrichments of (j 13C relative to Cd.
Modern Antarctic plankton are about 8%0 lighter in () 13C than plankton elsewhere (Sackett et al 1965; Rau et al 1982 Rau et al , 1990 Rau et al , 1992 . If plankton of this isotopic composition were to become quantitatively more important in parts of the glacial ocean than today, it might be possible to create waters that are light in () 13C without being enriched in Cd. The upper limit fo r this effect would be reached for a water mass in which the preformed phosphorus content was zero and all of the metabolic carbon added to the water was of this light composition in which case an anomaly of O. 7%0 could be generated. It seems likely that the "real world" magnitude of such an effect would be smaller, although perhaps not entirely negligible. 3. Decomposition of terrestrial carbon. Decomposition of organic carbon from tree-like organic carbon (that has very little Cd) could alter (j 13C without affecting Cd. It seems improbable that the fl ux of tree-like organic carbon could be sufficiently massive and persistent to cause anomalies over large oceanic regions. However, this possibility cannot be ruled out completely.
Clearly, fu rther progress in interpretation of deepwater paleochemical signals requires that these discrepancies between () l3C and Cd be under stood. Although some thought should be given to potential mechanisms that give rise to real signals of this magnitude, highest priority should be given to examination of the reliability of these tracers under the widest range of modem conditions.
CONCLUSIONS
1. The incorporation of Cd into calcitic benthic fo raminifera is depth dependent, with at least a factor of two less Cd incorporated into shells at 1000 m compared to those below 3000 m. The mechanism of this depth-dependence is uncertain, but appears as if it may be more likely related to pressure or other depth-correlated properties than to tem perature. Table 12 Cd data from core RCJ3-228 • Cpa = Cibicidoides pachyderma. • Uvigerina spp.
• Uvigerina spp . 
